a2 United States Patent

US009305347B2

(10) Patent No.: US 9,305,347 B2

Parma et al. (45) Date of Patent: Apr. 5, 2016
(54) AUTOMATIC VOLUMETRIC IMAGE (56) References Cited
INSPECTION
U.S. PATENT DOCUMENTS
(71) Applicant: Dental Infaging Technologies 6,424,692 Bl 72002 Suzuki
Corporation, Hatfield, PA (US) 6,891,963 Bl 52005 Goto etal.
(72) Inventors: Michael Parma, Chalfont, PA (US); (Continued)
Edward S. Walsh, Media, PA (US);
Richard H. Elvin, Quakertown, PA CN 1657012 A 8/2005
(US); Michael S. O’Donnell, Macungle, N 102525662 A 712012
PA (US) (Continued)
(73) Assignee: DENTAL IMAGING OTHER PUBLICATIONS
TECHNOLOGIES CORPORATION, Extended European Search Report for European Application No.
Hatfield, PA (US) 14154364.5 dated Jun. 27, 2014 (6 pages).
) ) o ) (Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Primary Examiner — Maurice L McDowell, Jr.
U.S.C. 154(b) by 308 days. Assistant Examiner — Raffi Isanians
1) Appl. No.: 13/766,628 gﬁl})) Attorney, Agent, or Firm — Michael Best & Friedrich
(65) Prior Publication Data Systems and methods for inspecting data generated during a
scan of an object. One system includes a processor. The
US 2014/0225892 Al Aug. 14,2014 processor is configured to receive projection data generated
by a CT scan of an object, generate a three-dimensional,
(51) Int.CL volumetric data set based on the projection data, and auto-
GO6T 7/00 (2006.01) matically generate a plurality of cinematic frames of a cin-
A6IB 6/03 (2006.01) ematic sequence based on the three-dimensional, volumetric
(Continued) d?lta set. Each of the plurality of cinematic frames has a
different value for at least one parameter. The processor is
(52) US.CL also configured to automatically generate a signal to display
CPC . GO6T 7/0012 (2013.01); A61B 6/032 the cinematic sequence in a frame-by-frame manner. In some
(2013.01); A61B 6/14 (2013.01); A61B 6/463 embodiments, the processor continuously displays the cin-
(2013.01); 4618 6/5223 (2013.01); GO6T ematic sequence until a user accepts the three-dimensional,
19/00 (2013.01); GO6T 2210/41 (2013.01) volumetric data set or stops the cinematic sequence (e.g., to
(58) Field of Classification Search perform a manual inspection of the three-dimensional, volu-

CPC ..ccovvvvvcrnne GO6T 7/0012; GO6T 2207/10072;
GO6T 2207/10081; A61B 6/12; A61B 19/50
See application file for complete search history.

metric data set and/or re-initiate a scan of the object).

30 Claims, 15 Drawing Sheets

1307




US 9,305,347 B2

Page 2
(51) Int.ClL Jp 2007029487 2/2007
AG6IB 6/14 (2006.01) Jp 2007029487 A 2/2007
A61B 6/00 (2006.01) IP 4342016 7/2009
GO6T 19/00 (2011.01) P 4497570 4/2010
KR 10-2009-0077025 7/2009
(56) References Cited L) 2009044316 4/2009

7,336,763
7,668,285
8,160,320
2007/0040854
2007/0109294
2008/0117225
2008/0130833
2010/0302245
2012/0159391

B2
B2 *
B2
Al
Al
Al
Al*
Al*
Al*

2/2008
2/2010
4/2012
2/2007
5/2007
5/2008
6/2008
12/2010
6/2012

U.S. PATENT DOCUMENTS

Spartiotis et al.

Mukumoto .......ccceevvvurnnnn 378/4
Li
Lievin et al.
Gotman et al.
Wegenkittl et al.
378/98.2

... 345/426
Berryetal. ..o 715/823

FOREIGN PATENT DOCUMENTS

JP 2004215961
JP 2004215961 A

8/2004
8/2004

OTHER PUBLICATIONS

Office Action from Korean Patent Office for Application No.
10-2014-14615 dated Dec. 10, 2014 (8 pages).

Office Action from Japanese Patent Office for Application No. 2014-
018404 dated Jan. 8, 2015 (8 pages).

Final Office Action with English translation from the Japanese Patent
Office for Application No. 2014-018404 dated Sep. 17, 2015 (4
pages).

1st Office Action from the State Intellectual Property Office of the
People’s Republic of China for Application No. 201410050282.6
dated Sep. 1, 2015 (16 pages).

* cited by examiner



U.S. Patent

Apr. 5, 2016 Sheet 1 of 15

US 9,305,347 B2

12

-

-

105
/

N

120




Sheet 2 of 15 US 9,305,347 B2
% )

Apr. 5,2016

U.S. Patent

g011

¢ 9ld
SNLYYYddy
s ONIOYWI
)
¥1va
NOILO3rOYd
SONYINNOD
H3sn
| e
JOVAILNI
_\ 1NdLNO/LNANI
01z
\I
VoLl /_
NOLLYOITddY
NOILYHEI YD
Nom\ WNIaaw 31gvayad HOSS300Ud
HIALNAINOD AHOLISNYH1-NON

00¢



U.S. Patent Apr. 5, 2016 Sheet 3 of 15 US 9,305,347 B2

( LOGIN '\220

SELECT 230
l—

PATIENT
l 240
SELECT |7
»{ PROTOCOL AND
SCAN TYPE
l 320
250 A
INITIATE [~ SELECT MANUAL
SCAN VIEW AND MAKE fa——
ADJUSTMENTS
4
SCAN _/252 l 330
OBJECT DISPLAY |
SELECTED
l IMAGES
DISPLAY 256
CINEMATIC 7
SEQUENCE QUALITY NO
DETERMINED?
QUALITY NO ves %0
DETERMINED?
310

FIG. 3



U.S. Patent Apr. 5, 2016 Sheet 4 of 15 US 9,305,347 B2

FIG. 4

USERNAME

[ user
PASSWORD

[ xkkkk

]
)
© @
226 224

228—1.

222



US 9,305,347 B2

Sheet 5 of 15

Apr. 5, 2016

U.S. Patent

S Old4
88¢
ININNOD WYX G861/1/1 HiMIG 40 31va | @
ALITVCOW IV ¥3ANTD
NVIDISAH ONIMYI 4T Xi44nS
NYIDISAHd ONIGIAOYd INWNTICAN 08z
ar INJILYd 40 308N0S NHOP VYN NIAID
¥eZid Q INFILVd 300 IWNATIVS |
H—#5¢
\
9861/1/} ANV ‘300 8.95d
| 586411 NHOP ‘300 ¥E2id)
ALMYAOW  3LVAHLYIE JINYN al INLLVd /Nmm
@ [ Snvx3 aF1Na3HOS | HASN 'SV NI 439901




US 9,305,347 B2

Sheet 6 of 15

Apr. 5, 2016

U.S. Patent

\.

9 9OI4
)74 14174
\ N
(&) CER =)

TIVAS Hd30

DINYHONYd OINVHONYd Qg J3ANVEX3

{(+NVDS Y2INO) (NYOS MOIND)

FNL/SIHONY PALISTHONY PWL/SIHOHY

YTIXYW JIGIONV SIHOHY H108

Jwfowegge ¢ gL RS
dVANYDS VW dAY  JWNIL FUNSOdX3

ZWa.A9w 0 1dvd WvX3 V101

[ saHouvHLO8 |
(5861/4/1) NHOP 304

29598 Wil €70 WIHBXA9} 19
INILNYOS 37215 13X0A 3ZIS FWNTOA ALITYGOW

H3SN GV NI 439901

e



US 9,305,347 B2

Sheet 7 of 15

Apr. 5, 2016

U.S. Patent

Z Ol4

.

ddAL FSO0HD

)

U0 fowegge G 0Z) 395 /¥
dYANYDS  vw dAY  JWIL IUNSOdX3

7Wo,AOW 0 :dva WyX3 101

H

SFHOUY HLOE |5

(G861/4/4) NHOP 300

038 9’8 Wi €°0 WOHBX(394 19
WILNYOS 3ZIS TaXOA 3ZIS IANTOA ALITYAONW

445N :SY NI 435901

44



US 9,305,347 B2

Sheet 8 of 15

Apr. 5, 2016

U.S. Patent

8 'Old

O

V.1vad ONIKINOOY

o

ZWo,AOW 0 1vd WYX YLOL

(S861/L/1) NHOP ‘300

d38N ‘SV NI 439901

\.

v

1474



U.S. Patent

Apr. §, 2016 Sheet 9 of 15

RECEIVE PROJECTION
DATA AND GENERATE 3-D,
VOLUMETRIC DATA SET
BASED ON THE
PROJECTION DATA

'

AUTOMATICALLY GENERATE A
PLURALITY OF CINEMATIC
FRAMES TO FORM A
CINEMATIC SEQUENCE BASED
ON THE 3-D, VOLUMETRIC
DATA SET

'

DISPLAY CINEMATIC
SEQUENCE INA
FRAME-BY-FRAME
MANNER

END

FIG. 9

260

262

264

US 9,305,347 B2



US 9,305,347 B2

Sheet 10 of 15

Apr. 5, 2016

U.S. Patent

00¢

m -
oz 0L OI4
[=e; @ Q) > ] £ = > @ Q) ) %
08 - FTONY €12 H39NNN 30118
HOM3LSOd
1334
T~
/..
> By
= '}
= @ — P
X m m ©
@ 2 d %
A o)
HOMILINY
& = £
- _NEQ&OE 9'¥£02 -dvd WYX3 TYLOL (G86L/1/1) NHOP 300 HISN 'SV NI 339901

\.

J




US 9,305,347 B2

Sheet 11 of 15

Apr. 5, 2016

U.S. Patent

q0l "OId4

_ﬂO » @ ) .”@”._ -mn;- _ﬁ (i« @) mummmmmms) nY_
08 * FTONY €4¢ - {3HNNN 301NS
H0IH3150d

1534

0.

1HOM
1497
1HOMN

HOIFLNY

&

- —Neo&oe 8HE0Z 1 dVCa WYX TYLOL {G861/1/4) NHOT *300 35N SV NI 39901

\ y,

5]




U.S. Patent Apr. 5, 2016 Sheet 12 of 15 US 9,305,347 B2

’C\I— -{\-7 ‘
=
*U T
=~ e}
3
£ &
- _
3 o
(o]
N
& —
< 2 L =
= L &
2 i
38
=
&
'_
B [ S
— .'. T
g i :
= 2l 4 Q
= < | Ty
=
x
S
e
m
]
Q

ANTERIOR

POSTERIOR
Fc—>eoc—{n|

LOGGED IN AS: USER
SLICE NUMBER : 273




US 9,305,347 B2

Sheet 13 of 15

Apr. 5, 2016

U.S. Patent

90¢

POl "9OI4

|[To—— 0 T— # ok

[T 0 C— #{

09 - FTONY

[

dOH31S0d

HOIMILINY

1491

€42 - ¥38ANNN 30178
HORILSOd

1HOM

SO INY

&

g

W0, AOW 8'¥E0Z dva WyX3 TV.LOL

(G861/1/4) NHOT ‘304

d3S0 -8V NI 439901

\

S




US 9,305,347 B2

Sheet 14 of 15

Apr. 5, 2016

U.S. Patent

4%

LL "OId

.

=)

[a @ Y @ — < [E&;

qumu :@m_

12E - 38NN 30178

1334

1437

F PGy

1HOM™
1491

Mw\@

~

avaH

€42 HIABNNN 3011
HO31S0d

1HOI

HORILINY

g

20, AOW §'YE0Z :dvd WYX TYLOL (g861/1/4) NHOP ‘300

&

2

o380 SV NI 439901

S




U.S. Patent Apr. 5, 2016 Sheet 15 of 15 US 9,305,347 B2

334

o

- ~ N
- HOIHE:ILNV V/ \

=y ] Te!
Q2
£ 8 &
[+o]
3 ol
(a3
<
(21 \/
0 =
¥ I
: | a
<—t' x-
5 &
= o
B
= = N
& i = -~
S HO/3LS0d L 0]
= = '
= @ | L
% 1
o} 1437
[in} —_—
3 8
(]

ANTERIOR
POSTERIOR

SLICE NUMBER : 273

LOGGED IN AS: USER




US 9,305,347 B2

1
AUTOMATIC VOLUMETRIC IMAGE
INSPECTION

FIELD

Embodiments of the invention relate to medical imaging
systems, such as dental imaging systems. In particular,
embodiments of the invention relate to systems and methods
for automatically inspecting volumetric dental images.

BACKGROUND

A conventional computed tomography (“CT”) system cap-
tures three-dimensional data of a patient. After acquiring the
information, an operator reviews the data to ensure that the
CT scan includes the necessary data for treating a particular
patient. To review or inspect the acquired data, existing sys-
tems generate a set of two-dimensional renderings of a volu-
metric image generated from the scan. The operator, however,
must adjust the views of the image to visually inspect the
volumetric image for quality and proper positioning of the
patient for the intended purpose of the scan. Manually select-
ing particular views or aspects of the volumetric image takes
time, which prolongs the patient’s CT scan (i.e., the patient is
typically not allowed to leave the CT scanning apparatus until
the operator assures that the captured data is appropriate).
Prolonging the time of the scan prolongs the patient’s dis-
comfort and reduces the throughput of the CT scanning appa-
ratus. In addition, the manual inspection delays the transfer of
the volumetric image to an external storage location, which
delays the availability of the image on other workstations.

SUMMARY

Embodiments of the present invention provide methods
and systems for automatically inspecting three-dimensional
data generated based on a computed tomography (“CT”) scan
of'an object, e.g., a patient’s head. One embodiment provides
a system for inspecting data generated during a scan of an
object. The system includes a processor. The processor is
configured to receive projection data (i.e., a set of x-ray pro-
jection frames, plus the positions of the x-ray source and the
x-ray detector for each projection frame) generated by a CT
scan of an object, generate a three-dimensional, volumetric
data set from the projection data, and automatically generate
a plurality of cinematic frames based on the three-dimen-
sional, volumetric data set to form a cinematic sequence.
Each of the plurality of cinematic frames has a different value
for at least one parameter (e.g., angle of rotation of the object,
position within the object, brightness level, magnification
level, etc.). The processor is also configured to automatically
generate a signal to display the cinematic sequence in a
frame-by-frame manner (e.g., on a touchscreen or other dis-
play). In some embodiments, the processor continuously dis-
plays the cinematic sequence until a user accepts the three-
dimensional, volumetric data set or stops the sequence (e.g.,
to perform a manual inspection of the three-dimensional,
volumetric data set and/or re-initiate a scan of the object).

Another embodiment provides a method for inspecting
data generated during a scan of an object. The method
includes receiving, by a processor, projection data generated
by a CT scan of an object; generating, by the processor, a
three-dimensional, volumetric data set from the projection
data; and automatically, by the processor, generating a plu-
rality of cinematic frames to form a cinematic sequence based
on the three-dimensional, volumetric data set, wherein each
of'the plurality of cinematic frames has a different value for at
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2

least one parameter. The method further includes automati-
cally generating a signal to display the cinematic sequence in
a frame-by-frame manner.

Other aspects of the invention will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1 illustrates a medical imaging system.

FIG. 2 schematically illustrates the medical imaging sys-
tem of FIG. 1.

FIG. 3 is a flow chart illustrating a method of inspecting a
data set generated during a scan performed by the medical
imaging system of FIG. 1.

FIG. 4 illustrates a login screen.

FIG. 5 illustrates a select-patient screen.

FIG. 6 illustrates a select-protocol screen.

FIG. 7 illustrates a select-scan-type screen.

FIG. 8 illustrates an acquiring-data screen.

FIG. 9 illustrates a method of generating a cinematic
sequence.

FIGS. 10a-104 illustrate a cinematic sequence.

FIGS. 11 and 12 illustrate manual-inspection screens.

DETAILED DESCRIPTION

Before any embodiments of the invention are explained in
detail, it is to be understood that the invention is not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the following drawings. The invention is capable
of other embodiments and of being practiced or of being
carried out in various ways.

Also, it is to be understood that the phraseology and termi-
nology used herein is for the purpose of description and
should not be regarded as limiting. The use of “including,”
“comprising” or “having” and variations thereof herein is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items. The terms
“mounted,” “connected” and “coupled” are used broadly and
encompass both direct and indirect mounting, connecting and
coupling. Further, “connected” and “coupled” are not
restricted to physical or mechanical connections or cou-
plings, and can include electrical connections or couplings,
whether direct or indirect. Also, electronic communications
and notifications may be performed using any known means
including direct connections, wireless connections, etc.

It should be noted that a plurality of hardware and software
based devices, as well as a plurality of different structural
components may be utilized to implement the invention. Fur-
thermore, and as described in subsequent paragraphs, the
specific configurations illustrated in the drawings are
intended to exemplify embodiments of the invention and that
other alternative configurations are possible.

FIG. 1 illustrates a medical imaging system 100. The sys-
tem 100 includes an imaging apparatus 105 and a workstation
110. The imaging apparatus 105 includes a computed tomog-
raphy (“CT”) scanner that scans an object. The workstation
110 includes a computer 110A and a display, e.g., a touch-
screen 110B. In some embodiments, the computer 110A and
the touchscreen 110B are combined in a single device. Also,
in some embodiments, the workstation 110 includes periph-
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eral devices, e.g., a keyboard, mouse, printer, etc., connected
to the computer 110A and/or the touchscreen 110B. In addi-
tion, it should be understood that in some embodiments, a
non-touch-sensitive screen or monitor is used in place of or in
addition to the touchscreen 110B. As described in more detail
below with respect to FIG. 2, the computer 110A is config-
ured to receive projection data generated by the imaging
apparatus 105, generate three-dimensional, volumetric data
from the projection data, construct an image based on the
three-dimensional, volumetric data, and display the image on
the touchscreen 110B. In some embodiments, the computer
110A is also configured to control operation of the imaging
apparatus 105 (e.g., based on user input). The computer 110A
can be connected to the imaging apparatus 105 by one or more
wired or wireless connections.

The imaging apparatus 105 is, for example, a dental CT
device and includes an on-board computer or processor 112,
a radiation detector 115, a gantry 120, a support 125 for an
object or patient being imaged, and a radiation source 130.
The radiation detector 115 is positioned on the gantry 120
opposite the radiation source 130 includes a detector array
135 having a plurality of detection elements. During a scan, a
patient either sits on the support 125 or stands (and places his
or her chin in a chin support 140). However, the invention is
not limited to systems designed to accommodate seated or
standing patients. For example, in some embodiments, the
patient can lie down. The gantry 120 is rotated around the
patient’s head, and, as the gantry 120 rotates, the radiation
source 130 moves and directs radiation at the patient’s head at
various angles. The radiation detector 115 detects the radia-
tion passing through the patient and generates a set of projec-
tion frames, which are sent to the on-board computer or
processor 112 within the imaging apparatus 105. The on-
board computer 112 receives the raw projection frames and
also keeps track of the positions of the radiation source 130
and the detector 115. During or after the scan, the on-board
computer 112 sends projection data, which comprises the
projection frames and the positions of the radiation source
130 and the detector 115, to the workstation computer 110A.

As illustrated in FIG. 2, the computer 110A includes a
processor 200, non-transitory computer-readable medium
202, and an input/output interface 204. It should be under-
stood that in other constructions, the computer 110A includes
additional, fewer, or different components. The processor 200
is configured to retrieve instructions and data from the media
202 and execute, among other things, the instructions to
receive projection data from the imaging apparatus 105, gen-
erate three-dimensional volumetric data from the projection
data, and output data to the touchscreen 110B. The input/
output interface 204 transmits data from the processor 200 to
external systems, networks, and/or devices and receives data
from external systems, networks, and/or devices. In particu-
lar, the input/output interface 204 communicates with the
imaging apparatus 105 and the touchscreen 110B over one or
more wired or wireless connections and/or networks. The
input/output interface 204 can also store data received from
external sources to the media 202 and/or provide the data to
the processor 200. The computer-readable media 202 stores
program instructions and data including a user interface
(“UT”) application (or “application”) 210. When executed by
the processor 200, the Ul application 210 receives user com-
mands and displays images and other information to a user on
the touchscreen 110B.

The system 100 can be used initiate a CT scan and inspect
the data set generated from the scan. In particular, the proces-
sor 200 included in the computer 110A executes the user
interface application 210 to display various screens to a user
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4

on the touchscreen 110B. A user enters commands through
the displayed screens using buttons on the screens (selectable
through the touchscreen 110B itself or separate peripheral
devices, e.g., a keyboard or a mouse) to initiate a scan and
inspect the data acquired during the scan. As illustrated in
FIG. 3, to start the process, a user logs into the user applica-
tion 210 (at step 220). For example, FIG. 4 illustrates a login
screen 222 generated and displayed by the application 210.
The login screen 222 prompts the user for a username and
password and includes a next or enter button 224. In some
embodiments, the login screen 222 also includes a power-off
button 226 and a help button 228.

It is to be noted that, although the foregoing description
refers to a user controlling the medical imaging system 100
through the computer 110A, the system 100 can also include
its own on-board user interface to allow a user to control the
system 100 directly. Control through the on-board user inter-
face can be instead of, or in addition to, control through the
computer 110A.

After the user logs in, the user selects a patient (at step 230).
For example, FIG. 5 illustrates a select-patient screen 232
generated and displayed by the application 210. The screen
232 includes a list 234 of scheduled scans or exams. In some
embodiments, the scheduled scans or exams are provided by
a separate system or device, e.g., a picture archiving and
communication system (“PACS”) or a patient management
system. As illustrated in FIG. 5, the screen 232 also includes
a detail section 236 that provides additional data regarding a
particular patient included in the list 234. After selecting a
patient from the list 234 (e.g., by clicking on a listed patient),
the user can select a next button 238.

Theuser also selects ascan protocol and a scan type (at step
240). For example, FIG. 6 illustrates a select-protocol screen
242 generated and displayed by the application 210, and FIG.
7 illustrates a select-scan-type screen 244 generated and dis-
played by the application 210. Both screens 242 and 244
include a next button 246 that the user can select after making
a selection on a particular screen. In addition, the screen 242
and 244 each include a back button 248 that the user can select
to return to a previously-displayed screen. In some embodi-
ments, one or more of the scan protocols are pre-selected by
a user and set as “favorites” for the user. Therefore, when the
user logs into the application 210, the application 210
includes the user’s predefined “favorites” on the select-pro-
tocol screen 242.

After the user selects the patient, scan protocol, and scan
type, the user initiates the scan (e.g., by selecting the next
button 246 on the select-scan-type screen 244) (at step 250).
To start the scan, the application 210 communicates with the
imaging apparatus 105 to initiate a scan as specified by the
user (at step 252). In some embodiments, the application 210
displays an acquiring-image screen 254, as illustrated in FIG.
8, while the scan is performed and while the application 210
receives the projection data from the imaging apparatus 105.

As described above, application 210 generates a three-
dimensional, volumetric data set based on the projection data,
automatically generates a plurality of cinematic frames to
form a cinematic sequence based on the three-dimensional,
volumetric data set, and automatically generates a signal to
display the cinematic sequence to the user (at step 256). The
user uses the cinematic sequence to inspect the quality and
position of the three-dimensional, volumetric data set to
ensure that the CT scan was performed properly. In particular,
the cinematic sequence can include aspects of a three-dimen-
sional, volumetric data set useful for assessing the quality and
positioning of the scan. For example, the cinematic sequence
can include cinematic frames representing predefined angles
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of rotation of the patient’s head (e.g., left side, front, and right
side) or predefined slices of the patient’s head that provide a
useful sampling of the three-dimensional, volumetric data
set. However, because the user is not required to manually
select aspects of the three-dimensional, volumetric data set
(e.g., aspects of a volumetric image defined by the data set)
for inspection, the application 210 increases the speed and
efficiency of inspecting the results of a CT scan and the
overall scanning procedure.

In particular, as illustrated in FIG. 9, the application 210
receives projection data generated by a CT scan of an object
and generates a three-dimensional, volumetric data set from
the projection data (at step 260). Based on the three-dimen-
sional, volumetric data set, the application 210 automatically
generates a plurality of cinematic frames to form a cinematic
sequence (at step 262). In some embodiments, the cinematic
frames are two-dimensional renderings of the three-dimen-
sional, volumetric data set. In other embodiments, the cin-
ematic frames are slices of the three-dimensional, volumetric
data set. Each of the plurality of cinematic frames has a
different value for at least one parameter to provide the user
with a sampling of the three-dimensional, volumetric data set.
For example, in some embodiments, each of the plurality of
cinematic frames has a different value for an angle of rotation
of the patient’s head. In other embodiments, each of the
plurality of cinematic frames has a different value for a posi-
tion within the patient’s head. Furthermore, the cinematic
frames can have different magnification levels, fields-of-
view, colors, color scales, brightness levels, contrast levels,
translational vantage points, etc. Accordingly, each frame of
the cinematic sequence provides a particular aspect of the
three-dimensional, volumetric data set that can be inspected
by the user. In some embodiments, the user selects the differ-
entiating parameter of the cinematic frames before initiating
the scan. In other embodiments, the differentiating parameter
of the cinematic frames is defined based on the selected scan
protocol and/or scan type.

After generating the cinematic sequence, the application
210 generates a signal that displays the cinematic sequence
onthe touchscreen 110B (i.e., outputs the cinematic sequence
to the touchscreen 110B) (at step 264). FIGS. 10a-d illustrate
four sample frames of a cinematic sequence displayed by the
application 210. As illustrated in FIGS. 10a-d, each of the
cinematic frames has a parameter representing an angle of
rotation of the patient’s head (or angular vantage point of an
observer of the patient’s head) and the value of the parameter
is different for each frame. For example, FIG. 104 illustrates
a frame 300 of the cinematic sequence where the angle of
rotation parameter has a value of approximately O degrees.
FIG. 105 illustrates a frame 302 of the cinematic sequence
where the angle of rotation parameter has a value of approxi-
mately 45 degrees. FIG. 10¢ illustrates a frame 304 of the
cinematic sequence where the angle of rotation parameter has
a value of approximately 90 degrees. FIG. 104 illustrates a
frame 306 of the cinematic sequence where the angle of
rotation parameter has a value of approximately 180 degrees.
It should be understood that the cinematic frames illustrated
in FIG. 10a-d represent sample frames from a cinematic
sequence and that the cinematic sequence can include addi-
tional cinematic frames. Also, it should be understood that in
some embodiments, the particular values for the parameter
differentiating the cinematic frames are predefined for a par-
ticular parameter (e.g., 0, 45, 90, and 180 degrees). In other
embodiments, a user sets the values before initiating a scan.
The user-selected values can be set as a user’s “favorites” as
described above.
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The application 210 automatically displays the cinematic
frames 300, 302, 304, and 306 in a frame-by-frame manner.
For example, the application 210 can be configured to display
each cinematic frame for a predetermined amount of time
(e.g., approximately 3 to 5 seconds) before displaying the
next frame in the cinematic sequence. In some embodiments,
the application 210 continuously displays the cinematic
sequence until the application 210 receives a user command
stopping the cinematic sequence. For example, returning to
FIG. 3, while the cinematic sequence is displayed (at step
256), the user can determine whether he or she can properly
assess the quality of the three-dimensional, volumetric data
set based on the cinematic sequence (at step 310). If not, the
user can stop the cinematic sequence and manually select
particular aspects of the three-dimensional, volumetric data
set (i.e., particular aspects of a volumetric image rendered
from the three-dimensional, volumetric data set) (at step
320). For example, the user can select a next or stop button
325 (see FIGS. 10a-d) to stop displaying the cinematic
sequence and view a subsequent screen where the user can
request manual inspection and select the aspects of the three-
dimensional, volumetric data set for inspection.

The application 210 displays the manually-selected
aspects to the user (at step 330). For example, FIG. 11 illus-
trates a manually-selected coronal view 332 of a volumetric
image, and FIG. 12 illustrates a manually-selected sagittal
view of a volumetric image. The user can repeatedly manu-
ally-select different aspects or views until the user is able to
properly assess the quality of the three-dimensional, volumet-
ric data set acquired during the scan (at step 340). When the
user has finished the manual inspection, the user can select a
next or stop button 305 (see FIGS. 11 and 12), which provides
the user with a subsequent screen where the user can either
accept or reject the three-dimensional, volumetric data set
acquired by the scan. As illustrated in FIGS. 11 and 12, during
a manual inspection, the user can also adjust various display
parameters of the selected views to assist in assessing image
quality and positioning. In some embodiments, the user can
similarly adjust the display parameters of the cinematic
sequence.

When the user decides that the quality and positioning of
the three-dimensional, volumetric data set (i.e., a volumetric
image rendered from the three-dimensional data set) is proper
(at step 350) (e.g., after solely viewing the cinematic
sequence or after performing additional manual inspection),
the user selects an accept button. Selecting the accept button
instructs the application 210 to store the three-dimensional,
volumetric data set to a storage location (e.g., external to the
system 100) that can be accessed by other workstations and
computers. Storing the data set ends the scan and allows the
patient to exit the imaging apparatus 105. If the user decides
that the quality or positioning of the acquired three-dimen-
sional, volumetric data set is not proper, the user can re-
initiate a scan as described above with respect to FIGS. 5-7.

It should be understood that although the application 210 is
described as being used with a data set representing a scan of
a patient’s head (e.g., a jaw), the application 210 can be
configured to generate cinematic frames to form a cinematic
sequence for different purposes based on projection data gen-
erated based on a scan of any piece of anatomy or any object.
In addition, other types of scanning procedures can be used to
generate the projection data. In addition, in some embodi-
ments, the functionality of the UI application 210 can be
distributed among multiple applications or modules. For
example, in some embodiments, the functionality of the
application 210 is distributed between a first application or
module that generates the cinematic frames of the cinematic
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sequence and a second application or module that generates
the user interface that displays the cinematic sequence to a
user and receives user commands.

Various features and advantages of the invention are set
forth in the following claims.

What is claimed is:

1. A system for inspecting data generated during a scan of
an object, the system comprising:

a processor configured to:

receive projection data generated by a CT scan of an object,

generate three-dimensional, volumetric data based on
the projection data, automatically compute a plurality of
two-dimensional cinematic frames of a cinematic
sequence based on the three-dimensional, volumetric
data, wherein each of the plurality of two-dimensional
cinematic frames represents a two-dimensional view of
at least a subset of the three-dimensional, volumetric
data, wherein each of the plurality of two-dimensional
cinematic frames has a different value for at least one
parameter, wherein the plurality of two-dimensional
cinematic frames includes a plurality of slices of the
three-dimensional, volumetric data, and wherein the at
least one parameter includes a position within the object,
and

automatically generate a signal to display different two-

dimensional cinematic frames included in the plurality
of'two-dimensional cinematic sequentially one at a time.

2. The system of claim 1, wherein the processor is config-
ured to automatically continuously display different two-di-
mensional cinematic frames included in the plurality of two-
dimensional cinematic frames sequentially one at a time.

3. The system of claim 1, wherein the at least one parameter
includes an angle of rotation of the object.

4. The system of claim 1, wherein the at least one parameter
includes a magnification level.

5. The system of claim 1, wherein the at least one parameter
includes a field-of-view.

6. The system of claim 1, wherein the at least one parameter
includes a color.

7. The system of claim 1, wherein the at least one parameter
includes a color scale.

8. The system of claim 1, wherein the at least one parameter
includes a brightness level.

9. The system of claim 1, wherein the at least one parameter
includes a contrast level.

10. The system of claim 1, wherein the at least one param-
eter includes a translational vantage point of the object.

11. The system of claim 1, wherein the processor is further
configured to receive a stop command from a user and stop
displaying the cinematic sequence.

12. The system of claim 1, wherein the processor is further
configured to receive an accept command from a user and
transfer the three-dimensional, volumetric data to a storage
location in response to the accept command.

13. The system of claim 1, wherein the processor is further
configured to receive a selection of the at least one parameter
from a user prior to receiving the projection data.

14. The system of claim 13, wherein the selection includes
at least one of a scan protocol selection and a scan type
selection.

15. The system of claim 13, wherein the processor is con-
figured to automatically generate the plurality of two-dimen-
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sional cinematic frames of the cinematic sequence based on
the selection of the at least one parameter.

16. The system of claim 1, wherein the processor is further
configured to provide manual inspection of the three-dimen-
sional, volumetric data.

17. A method for inspecting data generated during a scan of
an object, the method comprising:

receiving, at a processor, projection data generated by aCT

scan of an object;

generating, by the processor, three-dimensional, volumet-

ric data based on the projection data;

automatically, by the processor, computing a plurality of

two-dimensional cinematic frames of a cinematic
sequence based on the three-dimensional, volumetric
data, wherein each of the plurality of two-dimensional
cinematic frames represents a two-dimensional view of
at least a subset of the three-dimensional, volumetric
data, wherein each of the plurality of two-dimensional
cinematic frames has a different value for at least one
parameter, wherein the plurality of two-dimensional
cinematic frames includes a plurality of slices of the
three-dimensional, volumetric data, and wherein the at
least one parameter includes a position within the object;
and

automatically generate a signal to display different two-

dimensional cinematic frames included in the plurality
of two-dimensional cinematic frames sequentially one
at a time.

18. The method of claim 17, wherein the at least one
parameter includes an angle of rotation of the object.

19. The method of claim 17, wherein the at least
parameter includes a magnification level.

20. The method of claim 17, wherein the
parameter includes a field-of-view.

21. The method of claim 17, wherein the
parameter includes a color.

22. The method of claim 17, wherein the
parameter includes a color scale.

23. The method of claim 17, wherein the
parameter includes a brightness level.

24. The method of claim 17, wherein the
parameter includes a contrast level.

25. The method of claim 17, wherein the at least one
parameter includes a translational vantage point of the object.

26. The method of claim 17, further comprising receiving
a stop command from a user and stopping the cinematic
sequence.

27. The method of claim 17, further comprising receiving
an accept command from a user and storing the three-dimen-
sional, volumetric data to a storage location in response to the
accept command.

28. The method of claim 17, further comprising receiving
a selection of the at least one parameter from a user prior to
receiving the projection data.

29. The method of claim 28, wherein receiving the selec-
tion includes receiving at least one of a scan protocol selec-
tion and a scan type selection.

30. The method of claim 28, wherein automatically gener-
ating the plurality of two-dimensional cinematic frames
includes automatically generating the plurality of two-dimen-
sional cinematic frames based on the selection of the at least
one parameter.

one
at least one
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